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@ In a video projector, first and second light sour- 
ces (1a, 1b) respectively emit first and second col- 
^ limated, white light beam, a luminance optical modu- 
^ lation means (81) modulates the first light beam in 
accordance with a luminance signal of an input video 
signal, a chrominance optical modulation means (83) 
N modulates the second light beam in accordance with 
Q a chrominance signal of the Input video signal, a first 
OQ projecting means (51) projects the first light beam 
iO having been modulated by the luminance optical 
Q modulation means (81) onto a projection screen (60) 
to form a projected luminance image on the screen, 
^ and a second projecting means (52) projects the 
second light beam having been modulated by the 
chrominance optical modulation means (83) onto the 



projection screen to form a projected chrominance 
image on the screen. The projected luminance im- 
age and the projected chrominance image are 
superimposed with each other on the screen to form 
a full color image. 
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BACKGROUND OF THE INVENTION 

This invention relates to a video projector, also 
known as a projection television system, using op- 
tical nnodulation means. 

The configuration of an optical system of a 
prior art liquid crystal projector is shown In Rg. 7, 
wherein three liquid crystal panels of the three 
primary colors-red (R), green (G). and blue 
(B)-are used as optical modulation means. 

Referring to Fig. 7, the projector is provided 
with a light source 1 comprising a lamp 10 and a 
reflective mirror 11. A white-light lamp, such as a 
metal halide lamp, a xenon lamp, or a halogen 
lamp is used as the lamp 10. The reflective surface 
of the mirror 1 1 is basically parabolic, and the lamp 
10 is so disposed that Its luminiferous center is at 
the about the focal position of the parabolic sur- 
face. The reflective mirror 10 therefore serves as to 
collimate the light and the light source 1 therefore 
emits a substantially collimated beam 100 of white 
light. 

A first dichroic mirror 21 reflects only the red 
component of white light from the lamp 10, while 
permitting passage of green and blue components 
of the light. A reflective mirror 24 reflects the red 
component of light from the dichroic mirror 21 and 
supplies it to a liquid crystal panel 30 for red. A 
second dichroic mirror 22 reflects only the green 
component of the light (consisting of green and 
blue components) that has passed through the first 
dichroic mirror 21 and supplies the green compo- 
nent to a liquid crystal panel 31 for green, while 
permitting passage of the blue component of light. 
Reflective mirrors 23 and 25 reflect the blue com- 
ponent of light and supplies it to a liquid crystal 
panel 32 for blue. 

The red, green and blue components of light 
supplied to the liquid crystal panels 30, 31 and 32 
are in the form of beams 100R, 100G and 1008, 
and are modulated by the liquid crystal panels to 
form red, green and blue monochromatic Image 
beams. That is, the intensities of each part of the 
red, green, and blue beams 100R, 100G and 1008 
are varied by the respective pixels of the liquid 
crystal panels 30, 31, and 32 that display monoch- 
romatic images corresponding to respective color 
component signals, i.e., an R signal, a G signal, 
and a B signal, decoded from the video signal that 
are supplied to the liquid crystal panels 30, 31 and 
32, and the liquid crystal panels emit the optically- 
modulated image beams of the respective colors. 

A third dichroic mirror 40, formed of two dich- 
roic mirror components assembled into a cross 
shape as illustrated, combines the image beams 
from the liquid crystal panels 30, 31 and 32 into a 
single beam of full color (consisting of red, green 
and blue components). A projection lens 50 mag- 



nifies and projects the combined image beam onto 
a screen 60. 

The above prior art liquid crystal projector is 
associated with the following problems. 

5 A first problem is relatively complicated optical 

system is required, and the light sources need to 
emit white light of a relatively high power, and the 
spatial density of the liquid crystal panels must be 
high, in order to produce a satisfactory picture 

10 quality. The Inventors have found that this is due to 
the fact that the prior art system does not utilize 
the characteristics of the human sense of sight 
which has a high resolution with respect to lu- 
minance but a lower resolution with respect to 

75 color. 

Another problem is that it Is necessary to ac- 
curately position the three liquid crystal panels for 
red, green, and blue for convergence for each pixel 
is necessary, in order to prevent color misregistra- 

20 tion of the three primary colors. This means that a 
great deal of time is necessary for adjustment in 
the assembly process. 

Another problem Is that, since the third dichroic 
mirror serving as the image combining means 

25 combines the three modulated monochromatic 
beams is interposed between the liquid crystal 
panels and the projection lens, the distance be- 
tween the liquid crystal panels and the projection 
lens is long and thus the projection distance is 

30 increased. In other words, the projection screen 
size is increased, but the projected image is likely 
to be dim. 

A further problem is that the red. green, and 
blue projected images must be registered for each 
35 pixel over the entire surface of the screen, requir- 
ing complete chromatic aberration compensation at 
the projection lens. 

A further problem concerns a deterioration in 
the white balance at a center portion of the projec- 
40 ted image caused by differences in length of the 
optical paths from the light source lamp 10 up to 
the jmage combining means, and, if this is com- 
pensated for, it is likely that this could then lead to 
deterioration of gray scale resolution in the projec- 
ts ted image. This is described below. For example, if 
the dichroic mirrors 21 and 22 and the reflective 
mirror 23 are set at the same spacing, the lengths 
of the optical paths of the red beam 100R and 
green beam 100G up to the center portion of the 
50 third dichroic mirror 40 will be substantially the 
same, but the length of the optical path of the blue 
beam 100B up to the same center portion of the 
third dichroic mirror 40 is longer by the spacing 
between the first dichroic mirror 21 and the reflec- 
55 tive mirror 23. Thus, the illuminance distribution on 
the liquid crystal panel for blue 32 will be different. 

The reason is as follows. Because of the pres- 
ence of factors such as the arc length of the lamp 
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10, the light beam emitted from the light source 1 
is not completely collimated even If, tor example, 
the collimating means 11 is used. A difference In 
the illuminance between the central and peripheral 
parts is greater with regard to the liquid crystal 
panel for blue supplied with the light beam travel- 
ing the longest optical path. This can be com- 
pensated for by application of white balance cor- 
rection signals. The white balance correction is 
achieved, by reducing the brightness of the liquid 
crystal panels which receive stronger light beams. 
As a result, application of the white balance correc- 
tion will lowers the gray scale resolution of the 
picture produced by the projection. 

SUMMARY OF THE INVENTION 

The present Invention was devised to solve the 
above described problems and Its object is to 
provide a video projector that can realize a highly 
fine projected image, such as a highly fine projec- 
ted full-color image, with a configuration that is 
compact and suited to the characteristics of the 
human sense of sight. 

According to the invention, there is provided a 
projector comprising: 

a first light source (1a) for emitting a first light 
beam which is substantially collimated and sub- 
stantially white: 

a second light source (1b) for emitting a sec- 
ond light beam which is substantially collimated 
and substantially white; 

a luminance optical modulation means (81) for 
modulating the first light beam in accordance with 
a luminance signal of an input video signal; 

a chrominance optical modulation means (83) 
for modulating the second light beam in accor- 
dance with a chrominance signal of the input video 
signal; 

a first projecting means (51) for projecting the 
first light beam having been modulated by the 
luminance optical modulation means (81) onto a 
projection screen (60) to form a projected lumi- 
nance image on the screen; and 

a second projecting means (52) for projecting 
the second light beam having been modulated by 
the chrominance optical modulation means (83) 
onto the projection screen to form a projected 
chrominance image on the screen; 

said projected luminance image and said pro- 
jected chrominance image being superimposed 
with each other on the screen to form a full color 
Image. 

With the above arrangement, a full color image 
can be fomned by the use of two optical modulation 
means, and two light sources, so that the configu- 
ration of the optical system is simplified. 



The projector may further comprise: 
an arithmetic circuit (70) for receiving a lu- 
minance signal Y and first, second and third 
chrominance component signals CI, C2 and C3, 
6 and producing a modified luminance signal Y1 and 
modified chrominance component signals C11. 
CI 2. and CI 3 in accordance with the following 
equations: 

10 Y1 = Y + Min [CI, C2. C3] 

C11 = CI - Min[Cl , C2, C3] 
C12 = C2- Min[C1, C2, C3] 
C13 = C3-Min[Cl,C2, C3] 

75 where Min[C1, C2, C3] represents the minimum of 
CI, C2 and C3, and 

said luminance optical modulation means 
modifies the first light beam in accordance with the 
modified luminance signal Y1, and said chromin- 

20 ance optical modulation means modifies the sec- 
ond light beam in accordance with the modified 
chrominance signals C11, C12 and CI 3. 

the use of the above equations, the muddiness 
in the projected image due to the brightness com- 

25 ponents in the chrominance component signals can 
be removed or reduced. 

In the above equations, the first, second and 
third chrominance signals CI, C2 and C3 may be 
color difference signals (R-Y), (G-Y) and (B-Y). re- 

30 spectively. where R, G and B represent red, green 
and blue components of the chrominance signal. 

With the above configuration, the projector can 
be used in combination with a system receiving 
and processing the standard video signal (such as 

35 NTSC and PAL signals) of the type from which 
color-difference signals are produced by a standard 
circuitry. 

The chrominance optical modulation means 
may comprise a color liquid crystal panel compris- 

40 ing a liquid crystal panel and a color filter, and the 
projector may further comprise: 

an arithmetic circuit (70) tor receiving a lu- 
minance signal Y and first, second and third 
chrominance component signals CI. C2 and C3, 

46 and producing a modified luminance signal Y1 and 
modified chrominance component signals C11, 
C12, and CI 3 in accordance with the following 
equations: 

60 Y1 = Y + (1 + k)Min [CI, C2. C3] 

C11 = CI - (1 + k)Min[C1. C2, C3] 
C12 = C2 - (1 + k)Min[C1. C2. C3] 
C13 = C3 - (1 + k)Min[C1, C2. C3] 

55 where Mln[C1, C2, C3] represents the minimum of 
C1, C2 and C3, and 

k represents a factor corresponding to the 
black component associated with the color filter; 



3/6/05. EAST Version: 2.0.1.4 



5 



EP 0 680 222 A2 



6 



said luminance optical modulation means 
modifies the first light beam in accordance with the 
modified luminance signal Y1, and said chromin- 
ance optical modulation means modifies the sec- 
ond light beam in accordance with the modified s 
chrominance signals C1 1, CI 2 and C13. 

By the use of the above equations, the mud- 
dlness In the projected Image due to the brightness 
components in the chrominance component signals 
can be removed or reduced, and the effect of black io 
component of the color filters are also eliminated or 
reduced. 

In the above equations, the first, second and 
third chrominance signals CI, C2 and C3 are color 
difference signals (R-Y), (G-Y) and (B-Y), respec- 75 
tlvely. where R, G and B represent red, green and 
blue components of the chrominance signal. 

With the above configuration, the projector can 
be used In combination with a system receiving 
and processing the standard video signal (such as 20 
NTSC and PAL signals) of the type from which 
color-difference signals are produced by a standard 
circuitry. 

It may be so arranged that vertical spatial fre- 
quency of pixels of the chrominance optical modu- 25 
latlon means is less than the vertical spatial fre- 
quency of pixels of said luminance optical modula- 
tion means. The term "vertical" in connection with 
the modulation means as used in this application 
means the direction which corresponds to the verti- 30 
cal direction on the projection screen. 

With the above arrangement, the configuration 
of the chrominance optical modulation means is 
less complicated, and yet a satisfactory picture can 
be obtained. This Is because the human sense of 35 
sight has a high resolution with respect to lu- 
minance but a low resolution with respect to color. 
If the vertical spatial frequency of the pixels is 
lowered, the vertical definition is lowered, but re- 
duction in the vertical definition Is less objection- 40 
able to human eyes than reduction in the horizontal 
spatial direction. 

The second projection means may be so set 
that the projected chrominance image is offset 
from the best focus state. 45 

In other words, the projected chrominance im- 
age is intentionally defocused. As a result, appear- 
ance of unsightly black portions can be prevented. 
Moreover, Moire due to interference between fine 
patterns in the projected chrominance Image and so 
the regular arrangement of the pixels of the 
chrominance modulation means can be eliminated 
or reduced. 

The first projection means may be so set that 
the projected luminance Image Is offset from the 55 
best focus state. 

In other words, the projected luminance image 
is intentionally defocused. As a result, Moire due to 



Interference between fine patterns In the projected 
luminance image and the regular arrangement of 
the pixels of the luminance modulation means can 
be eliminated or reduced. 

At least one of the first and second projection 
means is disposed so that the optical axis of the 
image beam projected from said at least one of the 
first and second projection means onto the screen 
is inclined with respect to the normal to the screen, 
and one of the luminance and chrominance optica) 
modulation means corresponding to said one of the 
first and second projection means has pixels which 
are trapezoidal to compensate for trapezoidal dis- 
tortion of the projected image. 

With the above arrangement, the effect of the 
trapezoidal distortion can be eliminated or reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings:- 
Fig. 1 is a structural diagram of the projector of 
an embodiment of the invention; 
Fig. 2 is a diagram showing an example of the 
configurations of the pixels of the luminance 
liquid crystal panel and the chrominance liquid 
crystal panel of the projector of the embodiment 
of Fig. 1: 

Fig. 3 Is a diagram showing the projected 
chrominance image corresponding pixels of the 
respective colors, one of which is driven by a 
saturated signal, and the projected image is just 
focused; 

Fig. 4 Is a diagram showing the projected 
chrominance image corresponding pixels of the 
respective colors, one of which Is driven by a 
saturated signal, and the projected Image is 
defocused; 

Fig. 5 is a schematic diagram showing how the 
trapezoidal distortion occurs with respect to the 
luminance liquid and chrominance liquid crystal 
panels. 

Fig. 6 Is schematic diagram showing trapezoidal 
liquid crystal panels formed of trapezoidal pixels 
for compensating for the trapezoidal distortion. 
Fig. 7 is a diagram of the configuration of a prior 
art video projector using three liquid crystal pan- 
els. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In all of the embodiments described below, the 
description concerns examples that use liquid cry- 
stal panels as luminance optical modulation means 
and chrominance optical modulation means. 
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Rrst Embodiment 

The configuration of a liquid crystal projector of 
a first embodiment of the present invention is 
shown in Fig. 1. 

As illustrated, the video projector of this em- 
bodiment comprises a first light source la compris- 
ing a lamp 10a and a colllmating means 11a, and a 
second light source lb comprising a lamp 10b and 
a collimating means lib. The light sources 1a and 
1 b are each similar to the light source 1 in the prior 
art of Fig. 7, the lamps 10a and 10b are each 
similar to the lamp 10 in the prior art of Fig. 7, and 
the collimating means 11a and lib area each 
similar to the colllmating means 11 in the prior art 
of Fig. 7. 

The collimated light 100a from the light source 
la is passed through a luminance optical modula- 
tion means 81 comprising a liquid crystal panel 82 
driven by a luminance signal supplied from a first 
drive circuit 73, to be described later. The col- 
limated light 100b from the light source lb is 
passed through a chrominance optical modulation 
means 83 in the form of a color liquid crystal panel 
comprising a liquid crystal panel 84 and a color 
filter 85. The liquid crystal panel 84 is driven by a 
second drive circuit 74 to be described later, and 
first, second and third sets of pixels respectively 
driven by first, second and third chrominance com- 
ponent signals, e.g. (R-Y). (G-Y) and (B-Y), The 
first, second and third sets of pixels are arranged In 
a mosaic pattern. The color filter 85 comprises first, 
second and third filter components having portions 
in alignment with the pixels of the corresponding 
colors, in the liquid crystal panel 84/ 

The light beam having passed the luminance 
optical modulation means 81 is optically modulated 
according to the image displayed on the liquid 
crystal panel 82, and is magnified by a projection 
lens 51, and projected onto the screen 60. The 
light beam having passed the chrominance optical 
modulation means 83 is optically modulated ac- 
cording to the image displayed on the liquid crystal 
panel 84, and is magnified by a projection lens 52, 
and projected onto the screen 60. The image light 
beams from the lenses 51 and 52 are superim- 
posed, combined or additively mixed with each 
other, to form a full color Image on the screen 60. 

The circuit used for driving the liquid crystal 
panels 82 and 84 will next be described. 

A composite video signal of the NTSC video 
signal system, comprising a luminance signal, a 
chrominance signal, and a synchronization signal, 
is input as an input video signal to an input termi- 
nal IN. 

This input composite video signal is input to a 
Y/C separator circuit 7 and is separated into the 
luminance signal Y and chrominance signal C ac- 



cording to the NTSC system. 

The chrominance signal C is supplied to a 
chrominance signal decoder 8, and three color- 
difference signals (R-Y), (G-Y) and (B-Y). are output 

6 from this chrominance signal decoder 8. These 
color-difference signals (R-Y), (G-Y). and (B-Y) out- 
put from the chrominance signal decoder 8 and the 
luminance signal Y from the Y/C separator circuit 7 
are supplied to an arithmetic circuit 70 comprising 

10 a luminance arithmetic circuit 71 and a chromin- 
ance arithmetic circuit 72. Specifically, the color- 
difference signals (R-Y). (G-Y), and (B-Y) output 
jrom the chrominance signal decoder 8 and the 
luminance signal Y from the Y/C separator circuit 7 

15 are supplied to the luminance arithmetic circuit 71 
where an arithmetic processing expressed by the 
following Equation (1) is performed to form a modi- 
fied luminance signal Y1 . 

20 Y1 = Y + Min{(R-Y). (G-Y). (B-Y)} (1) 

where Min{(R-Y), (G-Y). (B-Y)} is a minimum of (R- 
Y), (G-Y), and (B-Y). This minimum corresponds to 
the darkness or brightness of the color signal 
25 formed of the color component signals. 

The modified luminance signal Y1 is output to 
the first drive circuit 73 to drive the liquid crystal 
panel 82 of the luminance optical modulation 
means 81 . 

30 The output signals of the chrominance signal 
decoder 8 are supplied to the chrominance 
arithmetic circuit 72 where an arithmetic processing 
expressed by the following Equations (2) is per- 
formed to form three modified chrominance signals 

35 C11, CI 2, and CI 3. The modified chrominance 
signals are output to the second drive circuit 74 to 
drive the chrominance liquid crystal panel 84. 

C11 = (R-Y) - Min{(R-Y), (G-Y). (B-Y)} (2) 
40 C12 = (G-Y) - Min{(R-Y), (G-Y), (B-Y)} 

C13 = (B-Y) - Min{(R-Y), (G-Y). (B-Y)} 

In place of the color-difference signals (R-Y), 
(G-Y) and (B-Y) in the Equations (1) and (2), any 

45 Other chrominance component signals may be 
used to determine the modified luminance signal 
Y1 and the modified chrominance component sig- 
nals C11, CI 2, and CI 3. 

As described above, the light emitted by the 

60 collimating means 11a is subjected to optical mod- 
ulation in accordance with a brightness image dis- 
played on the luminance liquid crystal panel 82 
responsive to the luminance signal Y1, and a mag- 
nified brightness image is projected onto the 

55 screen 60 through the projection lens 51 . 

The light emitted by the collimating means lib 
is subjected to optical modulation in accordance 
with the chrominance signals C11, CI 2, and CI 3 
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by means of the liquid crystal panel 84 and passed 
through the color filter 86 having red, green, and 
blue color filter components arranged in a mosaic 
pattern as shown in Fig. 2. The Image light beam is 
magnified by the lens 52, and projected onto the 
screen 60. The image light beams from the lenses 
51 and 52 are combined on the screen 60 to iom 
a full-color image. 

The projection lenses 51 and 52 are held so 
that the optical axis of the image light beams 
projected onto the screen 60 are at a predeter- 
mined Inclination angle a. The inclination angle 
may be identical to each other as illustrated, and 
the optical paths from the respective light sources 
to the screen can be made identical each other. 
Chrominance components due to the projected im- 
age beams from the chrominance optical modula- 
tion means 83 are superimposed on the display 
image of the luminance component (which is herein 
called a luminance image). As a result, a projected 
image obtained by combining luminance compo- 
nent and chrominance components can be repro- 
duced on the screen 60. 

Only two optical paths in the projection means 
are required, and the lengths of both optical paths 
up to the screen 60 are the same. This is in 
contrast to the prior art system shown in Fig. 7, 
where three optical paths are provided, and the 
length of the optical path for the blue beam 100B 
up to the third dichroic mirror 40. and hence to the 
screen 60 is longer than the optical paths for the 
red and green beams 100R and 100G. 

A brightness component k due to the black 
component present in the red, green, and blue 
color filter components of the color filter 85 of the 
chrominance optical modulation means 83 could 
also be taken account of. In such a case, the above 
minimum signal is multiplied by a factor of (1 + k) 
to give a modified minimum signal. Note that the 
value of k is such that: 0 ^ k « 1, and is 
determined by experiment and experiences. It Is 
clear that consideration of this black component of 
the color filter components of the color filter 85 will 
also affect the luminance signal Yl and the 
chrominance signals C11, CI 2, and CI 3. 

Second Embodiment 

An example of the pixel structure and arrange- 
ment of a luminance liquid crystal panel 82 of the 
luminance optical modulation means 81 and a 
chrominance liquid crystal panel 84 of the chromin- 
ance optical modulation means 83 in accordance 
with a second embodiment of the present Invention 
is shown In Fig. 2, in which schematic enlarged 
views of parts (II and III at (a) and (d) are illustrated 
at (b) and (c). 



This second embodiment is an example of a 
specific application of a characteristic of the human 
sense of sight by which resolution with respect to 
luminance (brightness) is high but resolution with 
6 respect to color Is low, not only to the signal 
frequency bandwidth, but also to the size of a pixel 
of a liquid crystal panel that modulates the white 
light. 

Referring to Fig. 2, the vertical size of pixels 87 

10 to 89 (at (b) in Fig. 2) in the chrominance liquid 
crystal panel 84 Is three times the vertical size of 
pixels 86 (at (c) in Fig. 2) in the luminance liquid 
crystal panel 82, the number of the pixels in the 
chrominance liquid crystal panel 84 Is 640 in the 

75 horizontal direction by 160 in the vertical direction 
as shown at (a) in Fig. 2, while the number of the 
pixels in the luminance liquid crystal panel 82 is 
640 in the horizontal direction by 480 in the vertical 
direction as shown at (d) in Fig. 2, and the vertical 

20 spatial frequency of the pixels in the chrominance 
liquid crystal panel 84 is one third the vertical 
spatial frequency of the pixels in the luminance 
liquid crystal panel 82. 

This arrangement is advantageous In that it is 

25 possible to produce a satisfactory color picture 
using a liquid crystal panel for chrominance modu- 
lation which is of a lower definition and hence of a 
simpler configuration and of a less cost. Another 
advantage is that the balance between the 

30 chrominance image and the luminance image can 
be improved. This Is because the aperture ratio for 
each pixel of the chrominance liquid crystal panel 
(= the proportion of the effective pixel area with 
respect to the entire area for each pixel) is approxi- 

35 mately three times. The reason for this is de- 
scribed below. 

In the region for each pixel of the liquid crystal 
panel, part of the liquid crystal which are covered 
by the pixel electrode Is controlled, and other part 

40 is not controlled. In order to prevent leakage of 
light from these portions that are not controlled, 
these portions are usually shielded by a black 
matrix provided at the opposite electrode. If the 
width of stripe portions of the black matrix, cor- 

45 responding to the separations between adjacent 
electrodes, is constant, the proportion of the effec- 
tive display area (= the total area of the pixel 
minus the area of the shielded portion) with respect 
to the total area of the pixel, in other words the 

60 aperture ratio, increases as the total area of the 
pixel increases. Because the vertical size of each 
pixel of the chrominance liquid crystal panel 84 is 
larger than the vertical size of each pixel of the 
luminance liquid crystal panel 82, as described 

55 above, the aperture ratio of the chrominance liquid 
crystal panel 84 is larger. If the area of this shield- 
ed portion per pixel is the same between the 
luminance liquid crystal panel 82 and the chromin- 
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ancG liquid crystal panel 84, the aperture ratio of 
the chrominance liquid crystal panel 84 is about 
three times the aperture ratio of the luminance 
liquid crystal panel 82. 

This increase in the aperture ratio of the 
chrominance liquid crystal panel 84 is significant. 
That is, the intensity of the light from the chromin- 
ance optical modulation means 83 is slightly lower 
than the intensity of the light from the luminance 
optical modulation means 81 because of the ab- 
sorption of light by the color filter, i.e., the black 
component of the filter. By making the aperture 
ratio of the chrominance liquid crystal panel 84 
about three times the aperture ratio of the lu- 
minance liquid crystal panel 82, the intensity of the 
color image from the chrominance liquid crystal 
panel 84 Is increased, and approaches the intensity 
of the luminance image from the luminance liquid 
crystal panel 82, which has the important effect of 
improving the balance of intensity. In other words, 
the brightness and the gray scale resolution of the 
projected Image are improved. 

In the embodiment described, above, the verti- 
cal size of the pixels In the chrominance liquid 
crystal panel 84 is three times the vertical size of 
the pixels in the luminance liquid crystal panel 82, 
and the vertical spatial frequency of the pixels in 
the chrominance liquid crystal panel 84 is one third 
the vertical spatial frequency of the pixels in the 
luminance liquid crystal panel 82. The invention is 
however not limited to the specific ratios of the size 
and the vertical spatial frequency. If the vertical 
size of the pixels in the chrominance liquid crystal 
panel 84 is larger than the vertical size of the pixels 
in the luminance liquid crystal panel 82, and the 
vertical spatial frequency of the pixels In the 
chrominance (Iquid crystal pane! 84 is lower than 
the vertical spatial frequency of the pixels in the 
luminance liquid crystal panel 82, similar effects 
are obtained. 

The term "vertical" in connection with the liq- 
uid crystal panel or the optical modulation means 
as used in this application means the direction 
which optically corresponds to the vertical direction 
on the projection screen. If the vertical spatial fre- 
quency of the pixels is lowered, the vertical defini- 
tion is lowered, but reduction in the vertical defini- 
tion is less objectionable to human eyes as as 
compared with reduction In the horizontal spatial 
direction. 

Third Embodiment 

A third embodiment of the invention is de- 
scribed with reference to Fig. 3 and Rg. 4. In this 
embodiment, the projection lens 52 is so set that 
the chrominance image projected on the screen 60 
is slightly offset from the best focus state, while the 



projected luminance image is in the best focus 
state. Here, the term "best focus state" is used to 
refer to the state in which the image is just focused 
or nearly focused, with minimum deviation fronri the 

5 just focus on the whole. For instance, the image 
may be just focused In the central part of the 
screen, and defocused in the peripheral parts of 
the screen. This is unavoidable because of the 
difference in the distance from the center of the 

70 lens and the respective parts of the screen. In such 
a situation, the "best focus state" may mean just 
focus in the central part, combined with the mini- 
mum deviation from the just focus In the peripheral 
parts of the screen. 

75 According to the third embodiment, the 

chrominance image is offset from such best focus 
state. In other words, slight defocusing is intention- 
ally introduced. The slight defocus is equivalent to 
a phenomenon called blooming in a CRT provided 

20 with an electron gun which results when the beam 
current is slightly too large and a scanning spot on 
the fluorescent screen is a little fat, making the 
image slightly blurred. 

The description now turns to why the above 

25 defocusing is desirable. Fig. 3 shows part of the 
chrominance image projected on the screen 60 on 
which a pixels are projected, where the projection 
lens 52 is set to achieve the correct focus, and the 
second drive circuit 74 is used to drive the 

30 chrominance liquid crystal panel 84 with a 100% 
red saturated signal, and the emitted light that has 
been optically modulated thereby is projected onto 
the screen 60. This figure shows that If, for exam- 
ple, the chrominance signal is 100% saturated with 

35 red, no light Is passed through the green and blue 
pixels (hatched parts G and B in Fig. 3) between 
the red pixels (unhatched parts R in Fig. 3), so that 
the brightness of the corresponding part in the 
projected image is lower than the adjacent parts 

40 corresponding to the saturated red pixels. 

This is unsightly because the human eyes are 
sensitive to brightness. If the image is defocused 
according to the embodiment of the Invention, the 
parts corresponding to the red (R) pixels of the 

45 image projected on the screen 60 will be expanded 
to cover the parts corresponding to the green (G) 
and. blue (B) pixels adjacent the red (R) pixels, as 
shown by the broken lines In Fig. 4. As a result, the 
brightness of the parts corresponding to the green 

50 and blue pixels are Increased, and the unslght- 
liness of the projected image is reduced. 

It should be clear that such black portions 
could also occur when a chrominance signal is 
saturated with green or blue, and the elimination or 

55 reduction of the black portions on the projected 
image also solves the problems of unsightliness 
due to the green or blue saturation. 
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It should also be noted that because the pro- 
jected luminance innage is focused to the best 
degree, the resolution Is not fett degraded despite 
the defocusing of the projected chrominance Im- 
age. This Is again due to the fact that the human 
eyes are more sensitive to resolution in the lu- 
minance, and the decrease In the definition In the 
projected chrominance image is not objectionable. 

Another effect of this third embodiment is the 
reduction in Moire. Moire is generated by interfer- 
ence between fine patterns, such as fine grid or 
stripe patterns, in the Image formed from the input 
video signal, and the regular arrangement of the 
pixels of the liquid crystal panels. To a viewer 
sensitive to the quality of the picture, Moire Is 
unsightly. 

Moire is more conspicuous if the brightness or 
color of the displayed patterns vary more sharply. 
Because of the defocusing of the projected 
chrominance image, and because each pixel is 
effectively enlarged on the screen in accordance 
with this embodiment, Moire is less conspicuous. 

In the embodiment described above, the pro- 
jected luminance image is in the best focus state to 
maximize the resolution of the luminance image. In 
an alternative arrangement, the projected lumi- 
nance Image Is offset from the best focus state. 
With such an arrangement. Moire due to the inter- 
ference between the pattern of a regular fine pitch 
in the luminance image displayed on the luminance 
liquid crystal panel 82 and the regular arrangement 
of the pixels of the luminance liquid crystal panel 
82 is reduced. 

Fourth Embodiment 

A fourth embodiment of the invention will next 
be described with reference to Fig. 5 and Fig. 6. In 
Fig. 6, schematic enlarged views of part iV and V 
at (b) and (c) are shown at (d) and (e). The fourth 
embodiment relates to use of a trapezoidal liquid 
crystal panels with trapezoidal pixels to compen- 
sate for trapezoidal distortion in the projected Im- 
age because of the inclination angle of the optical 
axis of the image beams from the luminance and 
chrominance liquid crystal panels. 

The reason why trapezoidal distortion occurs is 
first described with reference to Fig. 1 and Fig. 5. 
Assume that, for example, rectangular liquid crystal 
panels 82 and 84 are rectangular as shown in Fig. 
5 at (b) and (c), and are arranged so their surfaces 
are perpendicular to the respective light beams 
from the corresponding collimating means 11a and 
lib, and the light beams are made to pass through 
the projection lenses 51 and 52 and projected onto 
the screen 60 at a predetermined inclination angle 
e. 



There is a difference in length of the optical 
paths from the center of each of the projection 
lenses 51 and 52 up to the left and right sides of 
the surface of the screen 60, as shown in Fig. 1. 

5 The difference causes trapezoidal distortion in 
which the outer profile of the display panel is 
trapezoidal, and a rectangular pattern of the image 
displayed on the display panel is also trapezoidal 
in the image projected on the screen 60. Because 

10 the luminance and chrominance image beams are 
inclined in opposite directions, the trapezoidal dis- 
tortions of the luminance and chrominance images 
PL and PC are toward the opposite directions, as 
shown, being exaggerated, in Fig. 5 at (a). 

75 According to this embodiment, the liquid cry- 

stal panels 82 and 84 have outer profiles or frames 
formed of trapezoids as shown in Fig. 6 at (b) and 
(c), and the pixels 86 to 89, are also trapezoidal as 
illustrated in an enlarged scale in in Fig. 6 at (d) 

20 and (e). The orientations of the trapezoids forming 
the profiles of the panels 82 and 84 are opposite to 
each other, and the orientations of the trapezoids 
forming the pixels 86 and the pixels 87 to 89 are 
also opposite to each other, as also shown In Fig. 6 

25 at (b) to (e). By the use of the trapezoidal panels 
with trapezoidal pixels, the trapezoidal distortion is 
compensated for. That is, the profiles of the panels 
82 and 84 will be rectangular as indicated in Fig. 6 
at (a) by a chain line PL. PC, which represents both 

30 of the projected images of the profiles of the two 
panels 82 and 84. 

It is to be noted, that for the sake of simplicity 
of description, It Is assumed that there is no inver- 
sion of the images between the incident side and 

36 the output side of the projection lens 51 or 52. If 
there is inversion of the Images, the orientation of 
the trapezoids of the panels 82 and 84 and their 
pixels will naturally be reversed. 

In the embodiment described, the inclination 

40 angles of the luminance and chrominance image 
beams are equal to each other, but the inclination 
angles may be different from each other. In such a 
case, the shape of the trapezoids forming the pro- 
files of the panels 82 and 84 and pixels 86 and 87 

46 to 89 should also be different. Still alternatively, 
one of the luminance and chrominance image 
beams may be incident such that its optical axis is 
perpendicular to the surface of the screen 60. In 
such a case, the liquid crystal panel emitting said 

60 one of the image beams may have a rectangular 
profile and rectangular pixels. 

Claims 

55 1. A projector comprising: 

a first light source (la) for emitting a first 
light beam which Is substantially colllmated 
and substantially white; 
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a second light source (lb) for emitting a 
second light beam which is substantially col- 
llmated and substantially white; 

a luminance optical modulation means (81) 
for modulating the first light beam in accor- 5 
dance with a luminance signal of an input 
video signal; 

a chrominance optical modulation means 
(83) for modulating the second light beam In 
accordance with a chrominance signal of the io 
input video signal; 

a first projecting means (51) for projecting 
the first light beam having been modulated by 
the luminance optical modulation means (81) 
onto a projection screen (60) to form a projec- is 
ted luminance image on the screen; and 

a second projecting means (52) for projec- 
ting the second light beam having been modu- 
lated by the chrominance optical modulation 
means (83) onto the projection screen to form 20 
a projected chrominance image on the screen; 

said projected luminance image and said 
projected chrominance image being superim- 
posed with each other on the screen to form a 
full color image. 25 

2. The projector according to claim 1, further 
comprising an arithmetic circuit (70) for receiv- 
ing a luminance signal Y and first, second and 
third chrominance component signals CI. C2 30 
and C3, and producing a modified luminance 
signal Y1 and modified chrominance compo- 
nent signals C11, CI 2, and C13 in accordance 

with the following equations: 

35 

Y1 = Y + Min[Cl,C2, 03] 
C11 = CI - Min[C1 . 02, C3] 
C12 = C2 - Min[01 , 02, 03] 
CIS = C3-Min[C1,C2,C3] 

40 

where Min[C1, 02, 03] represents the mini- 
mum of 01 . 02 and 03, and 

said luminance optical modulation means 
modifies the first light beam in accordance with 
the modified luminance signal Y1, and said as 
chrominance optical modulation means modi- 
fies the second light beam in accordance with 
the modified chrominance signals C11, 012 
and CI 3, 

60 

3. The projector according to claim 2, wherein the 
first, second and third chrominance signals CI, 
02 and 03 are color difference signals (R-Y), 
(G-Y) and (B-Y), respectively, where R, G and 

B represent red, green and blue components 55 
of the chrominance signal. 



4. The projector according to claim 1, wherein the 
luminance optical modulation means com- 
prises a liquid crystal panel. 

5. The projector according to claim 1 , wherein the 
chrominance optical modulation means com- 
prises a color liquid crystal panel comprising a 
liquid crystal panel and a color filter. 

6. The projector according to claim 5, further 
comprising an arithmetic circuit (70) for receiv- 
ing a luminance signal Y and first, second and 
third chrominance component signals 01, 02 
and 03, and producing a modified luminance 
signal Y1 and modified chrominance compo- 
nent signals Oil, 012, and 013 in accordance 
with the following equations: 

Y1 = Y + (1 + k)Min [01, 02, 03] 

011 = 01 - (1 + k)Min[01, 02, 03] 

012 = 02 - (1 + k)Min[01, 02, 03] 

013 = 03 - (1 + k)Min[01, 02, 03] 

where Min[01, 02, 03] represents the mini- 
mum of 01 . 02 and 03, and 

k represents a factor corresponding to the 
black component associated with the color fil- 
ter; 

said luminance optical modulation means 
modifies the first light beam in accordance with 
the modified luminance signal Y1, and said 
chrominance optica! modulation means modi- 
fies the second light beam in accordance with 
the modified chrominance signals Oil. 012 
and 013. 

7. The projector according to claim 6, wherein the 
first, second and third chrominance signals CI, 
02 and 03 are color difference signals (R-Y), 
(G-Y) and (B-Y), respectively, where R, G and 
B represent red, green and blue components 
of the chrominance signal. 

8. The projector according to claim 1 , wherein the 
vertical spatial frequency of pixels of the 
chrominance optical modulation means is less 
than the vertical spatial frequency of pixels of 
said luminance optical modulation means. 

9. The projector according to claim 8, wherein the 
vertical spatial frequency of pixels of the 
chrominance optical modulation means is one 
third the vertical spatial frequency of pixels of 
said luminance optical modulation means. 

10. The projector according to claim 9, wherein the 
vertical size of the pixels of the chrominance 
optical modulation means is three times the 



3/6/05, EAST Version: 2.0.1.4 



17 



EP 0 680 222 A2 



18 



vertical size of tlie pixels of said luminance 
optical modulation means. 

11. The projector according to claim 1, wherein the 
second projection means is so set that the 6 
projected chrominance image Is offset from the 
best focus state. 

12. The projector according to claim 1, wherein the 

first projection means is so set that the projec- io 
ted luminance image is offset from the best 
focus state. 

13. The projector according to claim 1, wherein at 
least one of the first and second projection ts 
means is disposed so that the optical axis of 

the image beam projected from said at least 
one of the first and second projection means 
onto the screen is inclined with respect to the 
normal to the screen, and one of the lumi- 20 
nance and chrominance optical modulation 
means corresponding to said one of the first 
and second projection means has pixels which 
are trapezoidal to compensate for trapezoidal 
distortion of the projected image. 25 
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